Alcohol consumption and cigarette smoking were evaluated in relation to development of benign prostatic hyperplasia (BPH) among 29,386 members of the Health Professionals Follow-up Study. Men who were 40-75 years old in 1986 and free of prior BPH surgery, diagnosed cancer at baseline, and prostate cancer at baseline and during follow-up were followed for incidence of BPH surgery from 1986 to 1994. Cases were men who reported BPH surgery between 1986 and 1994 (n = 1,813) or who scored £15 points of 35 on seven lower urinary tract symptom questions modified from the American Urological Association symptom index in 1992 and 1994 [n = 1,786); noncases were men who scored ^7 points (n = 20,840). After controlling for age, race/ethnicity, body mass index, physical activity, and mutually for alcohol intake and smoking, moderate alcohol consumption was inversely related with total BPH (30.1-50 g/day vs. 0: odds ratio (OR) = 0.59, 95% confidence interval (Cl) 0.51-0.70; p trend < 0.0001), although the relation was attenuated at high intake (£50.1 g/day vs. 0: OR = 0.72, 95% Cl 0.57-0.90). Current cigarette smoking was positively related to total BPH only among those who smoked 35 or more cigarettes/day (compared with never smokers: OR = 1.45, 95% Cl 1.07-1.97). These findings suggest that moderate alcohol consumption and avoidance of smoking may benefit BPH. Am J Epidemiol 1999;149:106-15. alcohol drinking; cohort studies; prostatectomy; prostatic hyperplasia; risk factors; smoking
The incidence of benign prostate hyperplasia (BPH) rises steeply with age (1) and, in the United States, results annually in more than 200,000 transurethral resections of the prostate (2) . BPH encompasses both prostate enlargement and obstructive and irritative lower urinary tract symptoms, although little correlation exists between prostate volume and extent of symptoms (3, 4) . Prostatic enlargement, particularly of the epithelial component, is likely influenced by the changing androgen and estrogen balance in the aging male. The lower urinary tract symptoms of BPH reflect both the greater prostate mass impinging on the urethra and increased prostatic smooth muscle tone mediated by sympathetic nervous system activity (5) .
Factors that alter steroid hormone concentrations might be expected to affect the development or progression of BPH. In experimental settings, acute and repeated alcohol intake transiently reduces circulating testosterone (6) (7) (8) , and men with alcoholic cirrhosis have diminished testosterone levels (9) . Alcohol also increases circulating estrogen concentrations in pre- (10) and postmenopausal (11) women and likely in men (A. Field, Channing Laboratory, Department of Medicine, Harvard Medical School and Brigham and Women's Hospital, personal communication, 1998). Male cigarette smokers generally have higher plasma testosterone concentrations than do nonsmokers (12, 13) .
Several epidemiologic studies have examined the relation between alcohol consumption and surgery for BPH, with most (14-18), but not all (19) , showing an inverse relation. Studies evaluating the relation between alcohol and clinically detected or symptomatic BPH have not been consistent, with some finding a positive relation (20, 21) and others no relation (19, 22) . Numerous studies have evaluated the relation between smoking and either surgery for BPH (14) (15) (16) (17) (18) (19) (23) (24) (25) (26) (27) or clinically detected or symptomatic BPH (19-22, 25, 27-29) and generally have shown a moderate inverse association with current smoking or no effect of smoking. The majority of these studies, how-ever, have not examined the spectrum of BPH, including surgery for BPH and symptomatic BPH within the same population, have not evaluated the potential for bias in the alcohol and BPH relation resulting from men with BPH avoiding alcohol and other beverages, and have not considered potential confounding of the smoking and BPH relation by alcohol or physical activity.
Thus, the etiologic roles of alcohol consumption and cigarette smoking in BPH remain to be clarified. We therefore evaluated the relation between BPH, defined either by surgery or by lower urinary tract symptoms, and alcohol consumption and cigarette smoking status among participants in the prospective Health Professionals Follow-up Study, 1986-1994. We considered the frequency and sources of alcohol and current smoking status and lifetime smoking history.
MATERIALS AND METHODS

Study population
Participants were a subset of the Health Professionals Follow-up Study, an ongoing prospective study of heart disease and cancer among 51,529 male dentists, veterinarians, pharmacists, optometrists, osteopathic physicians, and podiatrists. At enrollment in 1986, the men, who were 40-75 years old, completed a semiquantitative food frequency questionnaire and provided information including age, weight, height, alcohol consumption, use of cigarettes, physical activity, and medical history. We collect biennially updated exposure and disease information by mail.
On the 1988, 1990, 1992 , and 1994 questionnaires, we asked each participant whether he had undergone surgery for prostatic enlargement. In 1988, we mailed a confirmatory follow-up letter to a sample of respondents who reported such surgery. Of 99 randomly selected participants who confirmed having had a prostatectomy on the subsequent letter, 77 granted permission to review medical records. For 74 of the 77 cases, we were able to obtain medical records, all of which confirmed the surgery. We subsequently considered the participant's self-report of surgery as sufficient.
On the 1992 and 1994 questionnaires, we asked each participant how frequently, by percentage (0, 10, 25, 50, 75, or almost 100 percent of the time), he experienced the following lower urinary tract symptoms (slightly modified from the American Urological Association (30) to fit the constraints of our mailed questionnaire) over the past month: sensation of incomplete bladder emptying, having to urinate again after less than 2 hours, stopping and starting several times during urination, difficulty postponing urinating, weak urinary stream, and having to push or strain to begin urination. We also asked how many times per night the participants had to get up to urinate (0, 1, 2, 3, 4, 5, >6). For each BPH symptom, we assigned a score of 0-5 corresponding to the 0-100 percent of the time that a symptom was reported to be experienced. To obtain a total BPH symptom score, we summed the points for each of the six lower urinary tract symptoms and the number of times per night the participant got up to urinate (we assigned 5 for >5 times per night). The minimum possible score was 0 and the maximum was 35. On the 1992 questionnaire, we asked men to indicate whether they had an enlarged prostate detected by digital-rectal examination after 1986 and whether they had a rectal examination in the last 2 years.
At baseline, we excluded men with an invalid dietary questionnaire in 1986 (n = 1,595); men who had a history of cancer or surgery for BPH before 1986 (except nonmelanoma skin cancer) or had a history of prostate cancer through 1994 {n = 5,171); and men who died before the 1988 questionnaire was mailed (for opportunity to report BPH surgery; n = 506). This left 44,514 men in the baseline population. Among men without BPH surgery throughout the follow-up period, we excluded those who did not respond to the questions on lower urinary tract symptoms in 1992 (n = 11,542). We further excluded 1,414 men who did not provide complete information on alcohol intake or cigarette smoking, leaving 29,386 men among whom to identify symptomatic cases and noncases.
Classification of BPH cases
Four BPH case definitions were used: 1) surgery for prostatic enlargement (e.g., transurethral resection) between 1986 and December 31, 1993; 2) among those who did not undergo surgery for BPH, symptomatic BPH in 1992 and/or 1994; 3) total BPH, consisting of surgery-defined cases and high-moderate/severe lower urinary tract symptom-defined cases; and 4) prostatic enlargement detected by rectal examination between 1986 and 1992, excluding those who underwent surgery for BPH. Using the cutpoints for symptom severity described by the American Urological Association (30), we further classified symptomatic BPH cases as having 1) high-moderate/severe lower urinary tract symptoms (>15 of 35 points), 2) severe lower urinary tract symptoms (>20 of 35 points), 3) severe obstructive symptoms (>12 of 20 points for sensation of incomplete bladder emptying, stopping and starting several times during urination, weak urinary stream, and had to push or strain to begin urination), or 4) severe irritative symptoms (>9 of 15 points for having to urinate again after less than 2 hours, finding it Am J Epidemiol Vol. 149, No. 2, 1999 difficult to postpone urinating, number of times per night got up to urinate). Men with 8-14 points of 35 (n = 4,947) were not considered to be cases or noncases.
Noncases were defined as men without BPH surgery whose total lower urinary tract symptom scores in both 1992 and 1994 were 0-7 points or, for those men who did not complete the 1994 lower urinary tract symptom questions, then 0-7 points in 1992. Additionally, in analysis of prostatic enlargement, noncases were those who reported having had a negative rectal examination in the past 2 years, irrespective of symptoms.
Assessment of intake of alcohol and other beverages
In 1986 participants were asked to report their daily frequency of intake of alcohol and other beverages in portion sizes specified on the semiquantitative food frequency questionnaire. This method of assessment of alcohol intake has been shown to have a high degree of validity and is reproducible in a subset from this cohort (31) . Quintiles of servings/day of total beverages (excluding alcoholic beverages) and caffeinated beverages (coffee, tea, cola, and low calorie cola) were determined. We multiplied servings of specified portions of alcoholic beverages by grams/serving (beer = 13.2, red and white wine = 10.8, and liquor = 15.1 g/serving) to obtain alcohol intake in gTams/day. Participants were also asked to report on how many days of the week they consumed alcohol.
Assessment of cigarette smoking history
In 1986 participants were asked to report whether they had smoked 20 packs of cigarettes or more in their lifetimes and, if yes, whether they currently smoke or had smoked in the past. For current and former smokers, we ascertained the average number of cigarettes/day in each decade of life and calculated pack-years smoked. We asked former smokers when they quit.
Statistical analysis
We calculated age-standardized means and proportions for demographic and lifestyle factors by categories of alcohol consumption or cigarette smoking. We calculated the odds ratio and corresponding 95 percent confidence interval for each endpoint and their associations with alcohol and smoking from ageadjusted and multiple logistic models controlling for age, race/ethnicity, body mass index (weight (kg)/height (m) 2 ), physical activity (metabolic equivalent (MET)-hours/week), and mutually for alcohol and smoking. In this cohort, body mass index is directly related (32) and physical activity (33) inversely related to risk of BPH. Other potentially confounding factors were evaluated for confounding by inclusion in multiple logistic models. Because any inverse association between alcohol and BPH might reflect the tendency for men with any degree of lower urinary tract symptoms to reduce their alcohol intake as well as beverage intake, we also evaluated the relation between intake of total beverages excluding alcohol and intake of caffeinated beverages in multiple logistic models.
To evaluate trends, the midpoints of each category of alcohol intake or number of cigarettes smoked or pack-years were entered as a single continuous variable in the logistic models. A term for past smokers was also included in the model to evaluate trend for current smoking. To determine if the effect of alcohol intake or smoking varies by age or body mass index, or whether the effect of alcohol varies by levels of smoking and vice versa, we ran stratified analyses. Multiplicative interaction was assessed using models with and without cross-product terms for age, body mass index, alcohol intake, and smoking, and the Wald test was used to test if the coefficient for the crossproduct differed from the null. All analyses were conducted using SAS release 6.12 software (SAS Institute, Cary, North Carolina).
RESULTS
Among the 29,386 men with complete data on smoking and alcohol intake, 3,599 men were considered to have BPH. Of these, 1,813 had surgery for BPH between 1986 and 1994, and 1,786 had symptoms but no surgery. Thirty-six percent of the symptomatic men had severe symptoms. An enlarged prostate detected by digital-rectal examination was reported by 2,684 men. Age-standardized characteristics of the men by categories of alcohol intake and smoking status are shown in tables 1 and 2, respectively.
Alcohol and other beverages
In multivariate models controlling for age, race/ ethnicity, smoking, body mass index, and physical activity, there was a strong inverse association between moderate alcohol intake (g/day) in 1986 and total BPH The inverse relations between alcohol and total BPH, surgery for BPH, symptomatic BPH, and enlarged prostate were also observed for the number of days on which alcohol was consumed. The odds ratio of total BPH for men who drank alcohol 7 days per week compared with none was 0.70 (95 percent CI 0.61-O.79, p trend < 0.0001).
In an analysis restricted to men who reported that their alcohol intake had not changed in the 10 years preceding baseline (n = 15,073), the strong inverse relation between alcohol intake and BPH persisted for each definition; in a comparison of 30.1-50 g/day with none, the odds ratio of total BPH was 0.69 (95 percent CI 0.56-0.87, p trend < 0.0001). The relation for alcohol intake reported in 1986 and surgery for BPH was similar for cases that arose during each 2-year followup period.
Because an inverse relation between alcohol and BPH might result if men with lower urinary tract symptoms reduced their consumption of alcohol as well as beverage intake, we examined the relation between beverage intake and BPH. In multivariate models controlling for age, race/ethnicity, smoking, body mass index, physical activity, and alcohol intake, there was no association between total BPH and number of servings/day of total beverages (excluding alcoholic beverages), caffeinated beverages, coffee (caffeinated), or water consumed. The relation of total beverage consumption with incidence of BPH surgery did not vary among the 2-year periods of follow-up.
Cigarette smoking
In multivariate models compared with never smokers, after controlling for age, race/ethnicity, body mass index, physical activity, and alcohol intake, for all BPH case definitions the elevated risk of BPH was largely confined to those currently smoking >35 cigarettes/day (table 5). Among those smoking £35 cigarettes/day, the odds ratio for total BPH was 1.45 (95 percent CI 1.07-1.97), which was somewhat greater for symptomatic BPH (OR = 1.57, 95 percent CI 1.07-2.29) than for surgery for BPH (OR = 1.33, 95 percent CI 0.87-2.04). Former smokers did not appear to be at an increased risk compared with never smokers. There was no evidence that the relation of currently smoking >35 cigarettes/day with total BPH varied by alcohol consumption (p-interaction = 0.9). Compared with nondrinkers with a smoking status other than currently smoking >35 cigarettes/day, for men who currently smoked £35 cigarettes/day and who were nondrinkers, the odds ratio was 1.43 (95 percent CI 0.73-2.90); for men who were never or former smokers or who smoked <35 cigarettes/day and consumed alcohol, the odds ratio was 0.71 (95 percent CI 0.57-0.89); and for men who smoked >35 cigarettes/day and who consumed alcohol, the odds ratio was 1.08 (95 percent CI 0.74-1.58).
In multivariate models, the relation between lifetime cumulative smoking and total BPH was modest (>40 pack-years vs. never smokers: OR = 1.16, 95 percent CI 1.03-1.31, p trend = 0.03). However, the risk of symptomatic BPH increased with increasing number of pack-years smoked (>40 pack-years vs. never smokers: OR = 1.37, 95 percent CI 1.17-1.61, p trend = 0.0002). There was no relation between pack-years smoked and surgery for BPH (>40 pack-years vs. none: OR = 0.97, 95 percent CI 0.82-1.14, p trend = 0.78).
Mutually adjusting for current smoking and cumulative pack-years, only currently smoking £35 cigarettes/day was associated with an increased risk of total BPH (OR = 1.48,95 percent CI 0.97-2.26). Among current smokers, there was no relation between total BPH and pack-years smoked compared with never smokers. After mutually controlling for pack-years smoked and time since quitting, among former smokers, there was no relation between total BPH and either pack-years or time since quitting, when compared with never smokers. • Odds ratio adjusted for age (3-year intervals), race/ethnicity (southern European, Scandinavian, African American, Asian, other, other Caucasian), body mass index (quintiles), physical activity (quirrtjles), and alcohol intake (quintiles). t For multivariate model. i Estimated by entering midpoint of each category of current smoking as a continuous variable in the logistic model. A term for past smokers was also included in the model.
DISCUSSION
Among 29,386 members of the Health Professionals Follow-up Study, we observed an inverse relation between alcohol consumption, incident surgery for BPH, prevalent symptomatic BPH, and enlarged prostate. These relations persisted among men who had not changed their alcohol intake in the 10 years preceding the start of follow-up. Currently smoking >35 cigarettes/day was associated with an increased risk of BPH symptoms but not enlarged prostate. Exsmokers were not at an elevated risk of BPH compared with never smokers. Our results are generally consistent with the findings of other groups for the relation between BPH and alcohol, but they differ from the majority of studies evaluating the association between BPH and cigarette smoking.
Our analysis was limited to men who underwent surgery for BPH or who answered the questions on lower urinary tract symptoms in 1992 or 1994. Almost a third of the base population did not provide information on lower urinary tract symptoms. These nonrespondents did not, however, differ materially from respondents on the amount of alcohol consumed per day (11.5 (standard error, 16.5) vs. 11.9 (standard error, 16.0) g/day), the proportion of former smokers (44.1 vs. 43.1 percent), or the proportion currently smoking >35 cigarettes/day (1.9 vs. 1.4 percent).
Because we are uncertain of the time of onset of BPH symptoms relative to assessment of baseline alcohol intake, and because alcohol may act as a diuretic, it is possible that our findings resulted from men with early symptoms of BPH reducing or eliminating their intake of alcohol, while men who are symptom free may continue to drink. However, when we restricted the analysis to men who reported not having changed their intake of alcohol in the 10 years preceding baseline, the inverse relation between alcohol intake and symptomatic BPH or surgery for BPH persisted and was of the same magnitude. For surgery for BPH, the association with baseline alcohol intake was constant over each 2-year period of follow-up; if our findings were an artifact of assessment of reduced alcohol intake after the onset of symptoms, we would expect that the odds ratio would have approached the null with subsequent follow-up periods. In addition, we did not observe an inverse relation between intake of other beverages, including water and coffee, and BPH, a pattern that would be suggestive of general avoidance of fluids among men with early lower urinary tract symptoms.
Androgens play a role in the development and maintenance of BPH particularly in the prostatic epithelium, which is supported by androgen receptor expression in prostatic epithelium (34, 35) , reduction in hyperplastic prostate mass, primarily of the epithelium, with androgen deprivation (36) , and the absence of BPH in men who are castrated before puberty (37) or who are deficient in 5a-reductase-2 (38, 39) . Early work on risk factors for BPH suggested that men with alcoholic cirrhosis of the liver, which leads to decreased testosterone concentrations and in some cases increased estrogen concentrations (9), were less likely to have BPH nodules at autopsy, although study methods did not always take into account differing age distributions among cases and controls and findings were not entirely consistent between studies (40, 41) . Experimentally, both acute and repeated intake of higher levels of alcohol (e.g., 1.3 g/kg) results in transient plasma testosterone concentration depression (6-8) via decreased production and increased metabolism (8) . Indeed, we observed an inverse relation between alcohol intake and enlarged prostate, the component of BPH that is most influenced by androgen balance.
It is unlikely that the apparent benefit of moderate alcohol consumption on BPH is mediated by effects on the sympathetic nervous system. High alcohol intake raises blood pressure, and even acute moderate consumption increases blood pressure, heart rate, and muscle sympathetic nervous system activity (42) . The attenuation of the beneficial effect of alcohol on BPH at an intake over 50 g/day perhaps may be due to the elevation in sympathetic nervous system activity, resulting in heightened prostatic smooth muscle tone. Moreover, no attenuation was seen for enlarged prostate, which would not be expected to be affected by the sympathetic nervous system.
Of the published epidemiologic studies (14) (15) (16) (17) (18) (19) (20) (21) (22) , six have observed an inverse relation of alcohol with BPH, either surgery (14-18) or symptoms (20) . Our results are most consistent with the findings of Chyou et al. (17) , who reported a relative risk of BPH surgery of 0.64 (95 percent CI 0.52-0.78, p trend < 0.0001) comparing men who drank >25 oz (740 ml) of alcohol per month with nondrinkers in a prospective cohort study of 6,581 Japanese-American men living in Hawaii. Sidney et al. (15) , in a large cohort study within a health maintenance organization, observed that those who drank >3 drinks/day had a statistically significant 25 percent reduced risk of histologic BPH, and an inverse relation was observed by alcohol source, either beer, wine, or spirits. Gann et al. (18) , in a nested case-control study of 320 matched pairs, and Morrison (16) , in a study of 910 cases and 2,003 controls, both observed inverse relations between surgery for BPH and alcohol, but these relations did not consistently decrease with increasing alcohol intake. In a cross-sectional study of 514 Korean men, Lee et al. (20) noted an inverse association of symptomatic BPH with beer consumption.
A major criticism of the studies that have evaluated the relation between cigarette smoking and surgery for BPH is that smokers may be more likely to have comorbid diseases due to their smoking that select against undergoing prostatectomy for BPH (16) , or that smokers may have differing thresholds of seeking relief from bothersome lower urinary tract symptoms. In our analysis, we explored surgery and symptoms separately, as well as the combined endpoint of surgery plus symptoms, which more likely captures the full spectrum of symptomatic BPH and limits the extent of these biases. Indeed, we observed that the association of current smoking and pack-years with BPH risk was greater for symptomatic disease than for prostatectomy, even though bothersome lower urinary tract symptoms underlie both endpoints.
In this large study, we were able to control for many suspected BPH risk factors. The major sources of confounding of the association between BPH and smoking, evident in comparing the age-adjusted and multivariate models, were alcohol and physical activity. Not Am J Epidemiol Vol. 149, No. 2, 1999 controlling for alcohol would result in underestimating, and not controlling for physical activity would result in overstating, the positive relation with smoking >35 cigarettes per day. Race/ethnicity and body mass index included in the multivariate models, and dietary fat and fiber intake, and diabetes and vasectomy, other purported risk factors for BPH, did not confound the BPH-smoking relation.
Cigarette smoking affects plasma steroid hormone levels, including higher testosterone concentration (12, 13) , and nicotine has been shown to lead to dihydrotestosterone accumulation in the prostate of the dog (43) . An elevation in prostate androgens, particularly the more potent dihydrotestosterone, would be compatible with an elevated risk of BPH, most likely manifested as prostatic enlargement, among smokers compared with nonsmokers. To the contrary, Mittler et al. (44) showed that dogs that chronically inhaled cigarette smoke had lower testosterone concentrations and smaller prostates than did unexposed kennel mates. Similarly, some studies reported lower prostate volume among smokers (28, 45) , while others found no correlation between prostate size and current smoking (29) or smoking history or intensity (46) . We did not observe a relation between smoking and having had an enlarged prostate detected by digital-rectal examination, suggesting that smoking may influence BPH through a different pathway.
An alternative explanation for the positive relation between currently smoking >35 cigarettes/day and risk of BPH is that nicotine increases sympathetic nervous system activity (47) and, thus, may affect prostate tone, or other cigarette smoke constituents may irritate the bladder, in both cases worsening the urgency, frequency, and nocturia symptoms. However, we noted that the obstructive symptoms, retention, hesitancy, weak stream, and straining, were more strongly associated with current smoking than were the irritative symptoms, although the difference by symptom type is not statistically significant, possibly because the number of severe obstructive and irritative cases was small at the extremely high end of smoking.
Epidemiologic studies that have evaluated the relation between smoking and BPH have used surgery (14) (15) (16) (17) (18) (19) (23) (24) (25) (26) (27) or clinically detected or symptomatic BPH (19-22, 25, 27-29) as the outcome. Of these, nine have shown some evidence of a lower risk of BPH among current smokers (14, 15, 19, 21, 24-26, 28, 29) , although none have demonstrated a statistically significant relation with intensity or duration of smoking. However, two studies suggested that men who currently smoked >1.5 packs/day (28) or >1 pack/day (20) had a higher risk of symptomatic BPH compared with nonsmokers, which is consistent with our observation. A combination of selection against smokers undergoing prostatectomy combined with negative confounding by alcohol consumption may account for some portion of the inverse association seen in other studies. From our study, the age-adjusted odds ratio for surgery for BPH among men who currently smoke compared with never smokers is 0.84 and, with further control for alcohol, the odds ratio increases to 0.94. Similarly, among men who currently smoke >35 cigarettes/day and compared with nonsmokers, the age-adjusted odds ratio increases from 1.19 to 1.39 after controlling for alcohol intake.
Our findings suggest that moderate alcohol consumption and avoidance of smoking will reduce the risk of BPH and progression to surgery. Whether alcohol and constituents of cigarette smoke produce theneffect on BPH through hormonal alterations or other mechanisms remains to be determined.
